(II) ANONi 


World- action on umoMsig. Brit Mod J 4:65, 1971 


GhIvmi non ox id;: may be - toxic ingredient of tobacco 
smoke that dexnvcr. mere r nation then it hns received. 
P. As?rap. 1 ' has rccvuily tepefied dim exposure of rabbiis 
to h\v ce::cenl:;*:ion:i of t v:\r:v monoxide con lead to 

pictiocdcn of ttV.roma. Tbc *_oxyhaerccgiobiri content 

of the bl::cd of chare::;: snio-Xir.- nay exceed 10%,. and 
Asttuo lids eves that tin?; may fce mere in:p-orie:it than 
nico*;::r: in rchiici to cormuy direese. Further research 

0*1 t t*J il C'» 


There are two statements that should 1 be modified. A strap’s experiments 
were performed on rabbits fed with cholesterol and their blood levels showed 15% 
carboxyhemoglouin (see page 69). That the blood'levels of smokers may 

exceed' 10% is a rarity (see pages 20-21);. 
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(12) ANON : Cigarette smoking and carbon monoxide. Med Letter E>i-ug Ther 
13: 91-2, 1971. ' 


• _ In addition to nicotine, tars, and other chemical compounds, 

has been incriminated as a pathogenic factor in cigarette smoke-, 
have suggested that heavy cigarette smoking (more than 20 cigars 
result in an intake of carbon monoxide that could impair the perfo 
smoker in driving a car or piloting an airplane. 


carbon monoxide 
Recent studies 
ttes a day) may 
rmanee of the 


The average concentration of carbon monoxide in cigarette smoke is about ■ 
20,000 parts per million, or about 400 porn in the inhaled mixture of smoke and air 
(J. R. C oldsmith and S. A. Landaw, Science, 162:1352, 1968). The additive effects 
of carbon-monoxide-polluted air must also be taken into account. In Los Angeles, 
where high atmospheric carbon monoxide levels have caused concern, the concen¬ 
tration in the air during a four-year study ranged from 7,3 to 20.2 ppm (A. C. Kexte/”* 
and J. R. Goldsmith, Science, 172 :265, 1971). . " _ 


The reference to the paper by Goldsmith and Landaw (1968) regarding 400 ppm 
of an inhaled mixture of smoke and: air appears in this article. Since Goldsmith and 
Landaw cite no reference, it is not possible to challenge their source. Jongbloed 
(1939)' analyzed the alveolar air and noted a peak level of 31.5 ppm carbon monoxide. 
Ring old et al (.196 2) analyzed the expired air after a 20-second breath-holding period 
and noted a level-.of 16.4 ppm for heavy smokers (see page 1 9 ). 
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Tobacco:- A precipitating factor 
1938. 

(14) ARGNOW W S, DE i\ DINGER J and ROlCAV/'s N : Heart rate and: carbon mo¬ 
noxide level after smoking; high-, low-, and non.-nicotine cigarettes. A study 
in male patients with angina pectoris. Ann h ? Med 74: 697-702, 197.1. 


(13) ARCNOT7 W S, KAPLAN M A and JACOB D : 
in angina pcctcris. 


A nn In t Mr d 6 9: 5 29 -36, 


(15) 


AR0N077 W S a.nd ; ROKA-V S N : Nonnicotine cigarettes, 
pectoris. Circulation 44: 782-8, 1971 • 


Effec ts in angina 


(16) A R ON 07'/ W S, HARRIS C N, ISBELL M 77, ROKA77 S N and. IMPARATO B : 
Effect of freeway travel on angina pectoris. Ann Int Med 77: 669-76., 1972. 


These four publications from Aronow's group have been widely quoted 1 as 
supporting the theory that carbon monoxide causes coronary heart disease. It 
should be noted that the investigation concerns carbon monoxide contained in ci¬ 
garette smoke and in vehicular exhaust. There is no comparative study using 
carbon monoxide in air to ascertain that the results are due to carbon monoxide 
contained in. vehicular exhaust or cigarette smoke. 

Not all four reports include blood! analysis for carboxyhemoglobin. In the 
first, none is recorded, in the second, blood was analysed, in the third, alveo- 
lar-expired air was used, and in the fourth, both blood and air had analysis. 
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(17) AYRES S M, GIANNELLII S Jr and MUELLER II : Myocardial and systemic.'..;’ 
responses to c&rboxyhenVogl.obin* Ann NY Ac ad Sci. 174: 268-93, 1970. * ; 

(IS) AYRES S M, MUELLER H S, GREGORY J Jl, GIANNELLI S Jr and PENNY ' 

J L : Systemic: and myocardial hemodynamic responses to relatively small 
concentrations of carboxyhemoglobim (COH3). Arch: Env-iroro Health 18: 
699-709, 1969* : : : ~ 

These 2 papers have been widely quoted as important evidence of the role of 
carbon monoxide in causation of coronary heart disease. It is important to examine 
the methods used which have a basic fault, viz , inhalation of 5% carbon monoxide, 
producing blood levels of 9%* Other investigators have attained 50% to 96% car boxy - 
hemoglobin levels with inhalation of 5% carbon monoxide. The blood samples were 
drawn by Ayres et a l 10 minutes after starting the inhalations, which means that the 
blood had not reached equilibrium with the alveolar air. The observations by Ayres 
et al were on a nonsteady state. It is customary to measure coronary blood flow A 
and myocardial metabolism during a steady state of at least 10 minutes. TyyT 

Methods . r -. .. . 


Studios wore performed on 2(5 paflionts dur¬ 
ing routine nos(iV cardiac catheterization ■ 

and hv 31 Tii-j pa'i^jUs were studied in a 

cardiopulmonary laboratory following comple- 
t ton of dingr.o.diE procedure*. Catheters were 
placed in tho*- ascending ‘aorta ;uid pulmonary 
artery* A Gf :*d:ih*-T.uhjn catheter wa? placed in 
- dit* jMn.xiical coronary sinus in 1Z cf the Inn nan 

Jdudie- and in Ni of xlu* canine studies: Mixed 
expired nir, nrfon.d, mbed venous and coro¬ 
nary jami'i bloo l v.nsioblamod prior lo adminis¬ 
tration of carton monoid-hj. The subject was 
tIs* n s-.vi\Led to n inhrfurc* of C 2 L carbon mon* 
oxide hi air for from C'Ato .120 seconds, with 
cojdinu-d i*Teetrc,-jrsrdio:;r;iphic nvunitruing, Full- 
a tvu-iubiutc period to permit washout 
of xdvcoliir cr:rl.*o:i nicnip\ide, repeat blood sam¬ 
ples and naked r-.vpiryd air were collected while 
hi-«.-athing; room nir. Con»n;try Mot;d flow was 
non-ured innnf-.haf -iy before and ten minutes 
a f t cr ca 1 1 'ji\ n vi i it s>:idfe I * l eal 1 1 in g. 

The carboxyhemoglobin levels after exposure to 0.01% to 1. 0% is as follows 




Table 1 

CORRELATIONS OF ATMOSPHERIC CARBON MONOXIDE 
EXPOSURE AND CARLOXYHEMOGLOBIN 


CO ts Air 
(per cent) 

•0.01 (ICO ppm) 
0.02 to 0:03 
0.04 to 0 00 
••0.1 (1000 ppm) 
0.2 
0.3 
0.4 

0.5 to 1.0 


Duration or IXrosunr. 
(807c equiuprlumJ 

G or more bout's 
5 to G horn's 
4 to 5 hours 
3 or more hours 

1 hour 

30 .minutes 
20 to 30 minutes 

2 to 13 rr-inutes 


COHn (PER CENT OF 
ELOOD^CU SATURATION) 

17 

23 to 30 
36 to 44 
50> 

55 to 60 
50 
C8 
75 


•An ati«o*.| hcric CO ccnccntrru'on of O.OKi toCQHbvitui.nion of 17**, no miner 

huiv lotfj! tiie cxi-ojurc. . • - 

••/« a:r*o*rhcric CO mnrcntra'Jon of 0.1^ loa-H to a COHN Mtmatfon of 507., no matter 
hov ln*i» r i!;c r«i*«wuTC. Onr hMi of ihe av.nlni«lc luni<v.lvbin *ill hr convcttrtl to 
CtJtlh fad LiiLt i-M remain avaii'.W* for a>mbinjfinn wiili *o>A<*n. for at thu pu.nt an 
cmiiliUriiiui in the Wood is icarhcd a «vtdniz to the Uy of nnu aiticn. t i . 
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AYRES S M : Roles of carbon monoxide and nicotine in circulatory effects of 
cigarette smoke. JAMA 219:520, J972. ' OEMy-'• .. r';r:».fr 




•.* jV* 



Roles of Carbon Monoxide arid Nicotine in 
- Circulatory Effects of Cigarctt Smoke 

Q I would like information a ha at the specific 
w factors that, cause cigarette, smoking to have 
an adverse effect on the cardiovascular systcm. Is it 
. only nicotine that is involved, or can carbon monox¬ 
ide and its effect on carboxyhemoglobin levels he im¬ 
plicated? . „ Xv -jY vYo'! f; ' f 'rf-fi'. 

■*:*: ... Ai-mtin II s* iwr*. Ml) 

i W-.' ; ;'.' r ’'l?*- .. V.i >. "v «*v New li<*-hr!KvNY 

A recently, the pharmacology of tobacco 

JTX. smoke was thought to be essentially that of 
. nicotine, and most early articles on the toxicity of 
; cigarette smoke emphasized nicotine to the ex- 
.. elusion of other considerations. It seems likely, how¬ 
ever, that the 3 ( ib to 4'b of carbon monoxide found in 
' cigarette smoke may play an important role in¬ 
tensifying the recognized cardiovascular toxicity of 
• nicotine. Carboxyhemoglobin levels as low as 3% to 
d 4% may increase the oxygen debt of exercise’ and 
; wc have shown that levels of carboxyhcmogiobin he- 
tween five and ten percent may produce abnormal 
myocardial metabolism in patients with coronary ar¬ 
tery disease. Smokers generally have .TV- to 79 of 
their hemoglobin saturated with carbon monoxide, 
i.. The whole subject has been recently reviewed in a 
New York Academy of Science monographon carbon 
monoxide 2 and in the progress reports from the Sur¬ 
geon' General’s office on cigarette smoking and 
health. ; •'■-"v'-.f- •" ‘Yy '>/•' ; ‘. 

The toxicity of tobacco smoke appears to derive 
from both its nicotine and carbon monoxide content. 
Nicotine increases cardiac work by increasing heart 
rate and blood pressure: Carbon monoxide interferes 
with the ability of the heart to extract oxygen from 
the perfusing blood. The combination of increased 
oxygen requirements and decreased oxygen avail- 
. ability may well load 1 to myocardial ischemia, partic¬ 
ularly in patients with coronary artery disease. 

„ Sri n;t \ \l \vi:»AIM 

. . «». * Si. Vtmciii > llo-pita! 

. ,io*l Mr.luLiHYm.r 

New Y*»rk 

1. Chevalier RB, K min hoi/. HA, Ross JC: KilWts of t *arUm ninnnvidc in* 
halfition on the rsinliopttl nonary rcspnnsrr* of non-sniokm omtHm*. J 
LtihClinAfnf 62:l(i7, lilllll. • 

2. Colmrn KK fr<l|: fr«/ uf («Wwii Min>>uuft . Now York. 

Now York Ac.idemy of Scientr, 1070. . : 
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Commentary (19 ) 1 Ayres Conf. 


? 


flic author cites Chevalier ct a l, a reference which appeared 1 in 1963 as an 
abstract and dbes not comain results of blood levels of carboxyhemoglobin. In a 
subsequent paper 19 b: 1061-64, 1966) Chcvaliei* e t al reported the results 

of inhaling O'. 15% carbon monoxide, which caused a carboxyhemoglobin level of 
3.95% # Tnis value is lower than results of others, who obtained levels of 10% to 
15% of carhoxykemog.ooin. Chevalier fi.al used an indirect technique based on ana- 
lys.s of alveolar a:r, so that it is possible that by this technique they underesti¬ 
mated Ine true value if blood analysis was used. The technique employed was as 
follows: . 




o 


For lUrterminafion of COM!) levels in the blood, 
the relationship-of Haldane and Smith was used.® 
Forster and co-workers," adapted the Haldane rela¬ 
tionship for determination of COIIb by using a 
modification of Sjnslrand 7 in which alveolar gas is 
equilibrated with pulmonary blood and the equili¬ 
brated capillary carbon monoxide tension is mea¬ 
sured directly in a sample of expired alveolar gas* 
This method, as utilized by Forster and co-work¬ 
ers, ni gave results in the same range as those found 
by an alysis of whole venous blood for COIIb. Our 
technique for equilibration.of capillary carbon mon¬ 
oxide tension was similar to that described above 
with certain modifications/* 1 * The Haldane relation 
states the following (atm signifies atmosphere) : 

COHb/O Mb = 210 CO pressure in atm/Oj pressure in atm 

_ _ _1C0 __ 

%COHlv = O-pressure in atm ^ 

210 CO pressure in atm 

When there is little reduced hemoglobin present, 
210 is the M fraction established by Haldane. This 
technique for determination of COIIb showed a 
satisfactory relationship when compared with the 
COIIb level as determined! spcetrophotometrically 
on the venous: blood! of nine control subjects. 
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( 20 ) 


B ANYA I A L : Ominous mesalliance: Inhalation of carbon monoxide from 
motor vehicles and cigarettes. Cheat 58: 532, 1970. 


Oik* hundred million motor vehicles driven currently, in 
the Ih'dtedi Stales* and well over 5U!t hillsom cigarettes, 
■smoked in this country annually repiv it a vicious com¬ 
bination of nmc rhino-made and sclf-mlhcted air pollution. 
Most frequent victims nf this nationwide health hazard 
arc heavy smokers accustomed to driving iv car or othci* 
motor vehicle as part of I heir daily-design for living. liigh 
temperature and humidity* of (lie atmosphere aid rapid 
f uptake of carbonmonoxide by hcmogiobiiu Also, hyper- 
^A ventilation increases carbon monoxide uptake and do- 
| creases its removal! froim the blood. In subjects with 
emphysema, absorption of carbon monoxide is reduced 
because not all of the tidal air is reachini; the pulmonary 
. capillaries. In urban population, normal blood contains 
%'*la small amount of carbon monoxide: 0.G2M.24 percent 
I as curboxyhemngbihui. The affinity of hemoglobin for 
carbon monoxide is 250 times greater limn for oxygen. 
Relative to the; cardiovascular system, it has been noted 
in experimental animals that exposure to toxic concen¬ 
trations of carbon monoxide brings about progressive in¬ 
crease in the pulmniiiu y artery pressure, increased heart 
* rale and systolic pressure, (together with decreased me¬ 
tabolism. blood pressure decreases when carboxyl lomo- 
glohin values of the blood'reach 10 percent. Moreover, 
intermittent exposure to toxic amounts of or actual poi¬ 
soning with carbon monoxide may lie associated with 
reversible inversion oi T wave, elevation (if R-T segment, 
atrioventricular dissociation and A-V block'. ■ These 
changes, as well as: associated degenerative sequels in 
some of; tire myocardial fibers, small hemorrhages in'and 
necrosis of the myocardiumi resemble closely alterations 
t due to severe hypoxia from other causes. In humans suffer- 
' 2- fng from coronary heart'disease, the extraction of oxygen 
from the blood bv the myocardium is reduced at eanboxy- 
liemoglobin levels ' betweeni 5 and 12 percent. This piic- 
^ nonunion may he a contributory factor to the increased 
* ’ incidence of angina pectoris mid coronary thrombosis 
..in- the individuals involved. Another adverse result of 
carbon monoxide is increased viscosity of the blood. 

I Rabbits' inhaling. 0:017 percent 1 carbon monoxide-in air 
for several weeks devdep atherosclerosis and myocardial 
necrosis. Atheroma tons changes arc pronounced in dm; 
(j t Icstcrol-fed animals inhaling lb\v concentrations of caikm 
I monoxide as o mi p. \ rod: with cl soles let < >111 led animals wiih- 
I out exposure to .carl ton monoxide. Aslnnp et al ((amfer- 
' cnee nm Ihnlbgic Kfh’ets of Carhoni Monoxide, Xcw Voile 
Acad Med, Jbb!)) observed in animal experiments that 
carbon monoxide rendered vessel walls more ■permeable*, 
with consequent increased flow and deposition of f.it in 
vessel walls and development *of atherosclerosis. Obseir 
vations in humans show that low concentration of carbon 



inmioxidh may lead to inhibition of bioelectric activitv. 

| of the brain. Impairment' in cognitive and psvchomotnr 
^5 areas of the brain may be associated with carboxyh- mn* 
j glol)in levels between 2 and 5 percentL In the lung, 

I hypoxia caused by ear!Min monoxide inhibits die function' 
of alveolar macrophages. This, in turn; weakens tissue 
| defense against an borne bacterial infection. An apropos *" T; 






■. % jqiipslibn my Ih*- post'd: if tiny rccumni or sustained liv 3 yj 
^’■'i l' K,x ' c slate of I lit' Iiiiir tissue ini}jlil not favor <lrvcInp-' ‘^jg^ MT^ B ff 
I ""’"I of lm*i»clw»i:«!iiie carcinoma under. tlie 
4 carcii n■{yn x * o f ci&irfUc m 11ok(\ Q1i r»“l>i i n </r< \ P M' 
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Commentary (2U) Banyai, Cont. 




•*. t * M ' 


. mo(nr tlivol^riii* fifiimillitm Ions nf carlhin iiimi* 

oxiriiv iiinn.iily. Nownmlrr ili.it in :;ii major, fit irs at 
busy mterseciiosis;dunns ; hours; of po.»k lra:f:c the coa- 
. .. . cvutiitlkm uf t).i\ iiacuiu! miitii higher than tbo 

' ■ V,v’ ir.ii.viijiwm .ilb^valik coucr-si£:ali<m. vklrniV-in.c timers, 

... pedestrians and tratne polimnur.Carihui iiioiunidi* in 
cijlarcttbMr.tikc i.s am iiKiKiiplelo cumiv.istum prmlut 
;• . V. C' cii tl-.mgllillti' tPiuprrature. at tin' Imniiu*: z f n< r «l tin* 

' .* cigarette is SM C C (J ,fi-'i5.- cl K) wlliUt air isikuiigthawn 

. . ■* j" ■ .r : * | through ti.o cigarct!?:. Carlaixyliemoglobin lMv! of; tha 

' - • v.*. ' T f <£- \ bltKid 'is A percent immoderate smokers aval up to 12 

. . . -- j percent in heavy smokers:. Us;piitential hazard ran lie 

' ; . V estimated by adding. these figures.tu iWso perlammi* to 

motor vehicle drivers. 

- .j ... Andrew L. llamai, MilL 



a* If hyperventilation increases carbon monoxide uptake, it. will also hasten ^ 
its removal from the blood- One technique for promoting the elimination of carbon 
monoxide in acute poisoning is to increase depth of respiration by having the patient 
inhale 5% carbon dioxide in oxygenu 

^ ' y b. In urban populations, the carboxyhemoglobin level in the blood is greater 

than 0- 62%> to 1 - 24%. In the 26 investigations reported in the literature the overall 
mean for l f 662 subjects was 1.45%. Residents of London, Los Angeles and Milan 
show the following mean levels respectively: 3.5%, 2.3% and 2. 8%. These values 
. represent a significant contribution by carbon monoxide to pollution in the atmos- 
.. phere (see pages 32 and 33). 


c. The effects listed in 15 lines are derived from toxic concentrations of 
car boxyh emoglo bin ranging from 50% to 100%. The phrase "toxic concentration" 
appear only in the first sentence but applies to the next 3 sentences. 



d. TLi- experiments in rabbits fed with cholesterol are not supported by those 
in> dogs reported by De Bias et al (1972). Chronic exposure to carbon monoxide 
does not exaggerate myocardial ischemia (see page 62). 

e. There is no published report that psych omotbr and cognitive areas in 
the brain can be influenced! by levels of carboxyhemogiobih between 2% and 1 5%. 

More accurate statistics would be between' 5% and 20% (see pages 88-89)* 

f. The effect of carbon monoxide on alveolar macrophages of experimental 
animals is encountered with levels of 0.5% to 2% in inspired air. Smokers have a 
level of carbon monoxide of 7 to 12 ppm in'expired air, which is 1000 less than the 
concentration used in experiments on animals. 

g. The levels of 4%. to 6% carboxylic mo glbbin in moderate smokers and 12% 
in heavy smokers is not supported by values s tated in the literature. Balbo' et al l 
(1966) reported a mean level of 2.8% for 7 smokers, each consuming 30 cigarettes 
daily. It ouch et al (1974) reported a mean of 4. 25% for 15 smokers using more than 

10 cigarettes daily (see page 15). 
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(21) BARTLETT D .TV : Pathophysiology of exposure to low concentrations of 
carbon monoxide. Arch Environ Health 16: 719-27, 1968* 


Regular cigarette smokers have repeatedly - " 

L'.vn t'hov*. 1 ! to lave CO?/'.). rations 

i:l the : to an/;*/- 7 Cmnkvrs of }>:;< os _ 

/■ and cigars haveCOHb levels iliai arc va > ‘ 

whet lower than tho/.a of cigarette smokers, 
but higher then t!iO* e of jrw smokers. These 
findings, have led to the widespread' error of 
supposing that smokers may be ir.oie sus¬ 
ceptible to erwiicnmcrdal CO than non- 
sin o leers. Can-on monoxide ft-om cigarette 

smoke arid CO in« tHo ambient air are not. ; 

additive in their biologic efi'oet. Carbon mon- V :: - ; v y : /4'i5x 

• oxide is absorbed only when the Pco in the p' '/AEA: 

ambient air exceeds that in the pulmonary ' . '” 

capillary blood. Thus, peieons., with COHb - : . s > .* *' 

levels of 5% from smoking do not. absorb . 

•further CO from the environment unless the .■/■-- 

ambient CO concentration is SO ppm or 

more; thcL^uhary, they excrete CO at • 

a rate rotrjaly proporticnal to the Pco gra^ 
dient between their blood and the ambient 
air. This suggests that smokers may be 
among the least susceptible of persons ex¬ 
posed to low-atmospheric concentrations of 
CO, since their COHb concentrations are 
■ not increased by the exposure. This conclu¬ 
sion Ls modified, however, by the fact that 
smokers’ CO excretion between cigarettes 
is slower in a CO-poIlutcd environment than 
in pure air. Tim=, their lomr-term avcrace 
COHb i concentrations- arc slightly higher in 
the presence of environmental CO than in 
its absence. . | 

_ v The death rate from coronary 

heart disease is considerably higher for fA 

smokers than for nousmolters. 27 The rate 

for exsmekers is no higher than for persons © 

who have never smoked. This pattern irn- (A 

plies that the smoking effect is completely O 

reversible when an individual stops smok- CA 

ing. Thus, smoking, must cause myocardial ' 

hypoxia by sonic acute, reversible process* 

probably-unrelated to: the: formation of hard,. 

irreversible, atherosclerotic: lesions. Carbon 
monoxide fits this epidemiologic pattern 
quitewell, but nicotine or other components 
of cigarette smoke may be responsible* and 
the question remains unsolved. 

The two paragraphs quoted from this article emphasize two points: (1) 
Carbon monoxide from cigarette smoke and that in the ambient air are not additive 
in (heir biologic effect; and (2) the effect of smoking on coronary heart disease 
is reversible. These two points were missed in thb main text of this review and ^ 
their conception properly belongs to Bartlett. ... ; V 


* * s ' ■ 
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(22) CAIvilvi A j : The effects of smoking. Guy Hosp Gaz 81: 185-203, 1967. " 


Some three hundred different constituents of tobacco $mc>!tc have 
been identified, many of them in iniinitessimaily smailiquantities. The 
two sub: tin-yes present in the greatest amounts are cat bon monoxide 
and liieaih-j. AUhmigh'carbon monoxide is found in High proportions 
in the mainstream smoke of a cigarette, it is seldom Pound‘in high 
proportions combined' with haemoDlabin. in the blood. The peiccmaae 
of carboxy-luvemogibbin. rarely rises above live per cent unless cigar¬ 
ettes are. “chain-smoked'’ in which' case it may" rise to ten per cent. 
This is not sufficient to be of clinical sienilicap.ee. 


• . • . This review article includes a section on "contents of tobacco smoke". 

The paragraph quoted summarizes the present status of carboxyhemoglobin levels a 
in cigarette smokers, concludingwife idle statement: "This is not sufficient to be 
of clinical significance". . • ^ . y»’ 
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(23) CONROE J P : Smoking and the anesthetic risk* Arrest Anal 48: 388-400, 
1969. ' “ 

r 

^ * It tsires 24 hours in a carbon monoxide 

free a'.r;so."*X;here to reduce a carl! o:cyhenio- 
_ ___ of 18 to 5 Is it okLiv vacant 

/• to demand 72 smoking-free houir before ' . 

anesthesia? • 


The 24 hours required to reduce carboxyhemoglobin in the blood from 18% 
does not apply to the time required to reduce from 5% the blood level of carboxy- 
hemoglobin in cigarette, smokers. In the literature, 4 to 12 hours after smoking, 
the mean blood level for 2, 054 habitual smokers is 3.76%. This value, compared 
v/ith the level for non-smokers, represents an increase of 2. 19 % attributed to 
smoking. Because of endogenous and exogenous sources of carbon monoxide other . 
than cigarette smoking, it is not possible to reduce the carboxyhemoglcbin level 
below 1.5% (see pages 12-13). An answer to the question raised by Conroy should 
be as follows: Waiting 72 hours is unreasonable; 4 to 12 hours would be suffi- 
cient. 


I 



ps://www.industrydocuments.ucst.edu/docs/yfmkOOOO 


oun 




page 156 


(24) CURPHEY T J : Carboxylic moglobin in relation to smoking. Nat Cancer 
lust Mono gr 28: 231-5, 1968. 

This is an excellent discussion of the significance of the carboxyhemoglobini 
level in relation to smoking. The entire article-is reproduced. 


Tusodorf, J. Ccnriiur, M.D.f Chief Medical Ex¬ 
aminer — Coroner, Los Angeles Count]}, Los An¬ 
geles, California l<0012 


The main thrust of the Conference and the 
tenor of discussion in t:io general sessions and in this workshop have been 
to review- and analyze the various agents in tobacco smoke with regard to 
their potential threat to the health and well-being of the cigarette smoker. 
The evidence already presented has dealt largely with those effects of cer¬ 
tain components of tobacco smoke as the}' relate to such problems as myo¬ 
cardial infarction, blood' coagulation,, and carcinogenesis. ‘'.Hint can be 
dona to reduce such hazards as “tar”- and nicotine, thus leading to the 
production' of a less harmful cigarette, has been discussed.^ 

Tills afternoon's-workshop seems to me to be a variation on the general 
theme, being in. the;nature of a movement written in a minor key. It has 
dealt with certain components in tobacco smoke, c.y., nicotine, whose dele¬ 
terious properties have not been experimentally and clinically established^ 
but which arc nevertheless under various degrees of suspicion. Therefore, 
these components must be examined in the process of writing the score 
for the orchestration of Dr. TTynders symphony, entitled Toward a Less 
Harmful Cigarette. 

Carbon monoxide (CO) is one of these components of tobacco smoke 
that has long been suspected 1 of being harmful and, hence, lias received 
much study over the years, , 

The problem of CO as a harmful constituent of tobacco smoke raises two 
questions: - 


1. Docs the amount of CO in Lite bland differ between the smoker and nonsmoUer? 

2. If more CO is nroseut in the bloat! of Ibc rmoker, does it produceeither fuitc- 
tionnl or structural patlioiogical changes? Are such charges Onmo:i>tral>le by 
symptomatic, clinical, or laboratory evidence, and can they there lore be 
assumed to be detrimental to the health or weU-beiiiz of tho smoker ns is true 
In the case of other component j of tobacco ranoho? 


—ISftV 


There is abundant cvidcjvco in the literature to answer unequivocally tho 
question of tho ditVoivnco bet ween tho CIO hh-.n.l rnn»vnt r:\tion in the 

smoker and nonstnoker. The article by Larsrm el al. ( 1 ) is replete with 
references covering studies over the past 60. years of CO blood levels in 
smokers and nonsmokcis under various conditions, as well ns the effect ' 
of various quant ify levels of smoking on the CO blood level. 

Numerous studies on the normal blood level of CO in the nonsmokcr 
ranges Xiom 02R2.SJb. In our study, we used 1% as tho normal 
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Commentary (24) Curphey, Cent. 


page id t 




•* The d;i(iv to. L>c presented on tlu* amount oX CC hi the blood of smokers 
t ro Ai go-d'example* cX serendipity. Originally our study was aimed at 
determining whether there was any correlation lie tween the postmortem 
CO McoJ iL.vt.is cl indiviiiua:s:lmndlfail>by the Loi Angeles County Medical 



Tircx-n^fr-n 1*—Distribution Luediau oZ CO in blood of cigarette-only smokers and 
Done^oCrcra 

After analyzing our data, we observed'a significant association, which, 
however, was net noted for every Ibcr.tion of tlic nioniioring station. Gold¬ 
smith* cf ol* (~): who had studied the blood CO levels of longshoremen in 
Sun Francisco in rclidion to their smoking ludJiis suggested that live col* 
elected data be used to study the smoking Habits of this postmortem! 
population. * 

From 'November li-June 39, 1901, 2;2G7 easeswere surveyed, and the 
data..were correlated with 3) the CO concentration of the ambient air at 
certain monitoring,stations in Los; Angeles and 2) the smoking Habits 
of the.study, group (2).To detenur/ma the smoking liabiin of tho-group, a 
que:-:libr?»ai:o was mailed to llie ne.vt of kin,.when.known, or to a; known . 
informant. This reduced the group to a Hot a 1 of: 1,STS persons, from whom 
v.c received usable smoking historic for 3,073 parsons;- 
The 1,073 pelv;or.S were divided into two groups: 1)inomiinokers (iiicludf 
ing; cv-rmokus and jv :/mfi who never smok' d), and 2) ; nickers. These 
two grcuii3;wore nuilier subdivided into (t) Uioso under ngc Co and' (:&) 
those over age G5; The blood CO levels in the entire group ranged from 
(V-ll.G:>o. Over S9>5 of tho nonsmokers^,regardless of age, fell in the l c /o 
©r less-CO’level. A blond CO level 1 of 5/cj regardless of smoking habit, was 
/ considered abnormally high. \ 

Forty-pice persons had values.of 5% and all of thcr.o were smokers, ex- - 
cept 3 who wo o ex-smokers. Only 7 of the -IG persons were age Go or over; 

* in otV.erWordr, 357c of the persons were in tlioyoungQr age group; Further- 1 
more, with tile uso of 1% CO as tha ronnall blood level for nonsmokers, 

G2 c /v of the nor.iinokers hadde:s than this level, whereas only 22?o of the; 
smokers had values this low (tt:ct-f:g. 2) . Also, the'smokers tended to have 
a much* greater frequency at the extreme values of more than -l fy. More¬ 
over, smokers over G5 yvus old had almost twice as liigH a 1 percentage 
vnluo under tlic smokers under C5 years (text-tig. 2) . Tiio interpre¬ 

tation of this finding oilers room for speculation, with* one possibility 
bomg that older smokers might smokeless than their younger counterparts. 


3 * 7 --** .'t&r. 
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(25) DINMAN B D 
., a. 1785, 1970. 


Carbon monoxide and cigarette smoking. JAMA 
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I Although the community is con- ■ 

1 A corned with carbon monoxide 
L body burdens: arising from 
ambient concentrations of this gas, 
it ignores almost totally the-most 
significant source of carbon monox- 
iio intake—the cigarette. This is 
jnradoxical, since the air of our 
cities rarely contains more than 30 
jorts of carbon monoxide per mil- . 
jinn parts of air (ie, 30 ppm); cig- 
. iirette smoke streams have been re¬ 
torted to contain from 400 to 40,- ' 
jt.-X) ppm carbon monoxide! ‘ 

The body itself manufactures 
r.irbon monoxide in the course of 
the breakdown of hemoglobin to the 
extent of about 1 ten spoonful per 
*hy. Tliis small amount of carbon 
monoxide converts about 0.S% of 
hemoglobin to inactive carboxy- 
tunoglobini By contrast, the light 
smoker converts about 3 % of his 
hmoglobin while the heavy smoker 
motivates approximately 8% of. 
tins blood pigment. Pipe and cigar 
takers rarely achieve such load- 
h:3. Toe body has “learned’" to 
- f bpt to the small amount of solf- 
^oduced carbon monoxide over the 
**mrse of evolution. However, the 
|body burden arising, from cigarette 
poking probably extends beyond 
phe limit of ready accommodation. 

What-is the significance of such 
[curette-caused carbon monoxide 
My burdens? It is quite clear that 
v *ual acuity at low levels of light 
intensity is impaired with carbon 
. j'nonoxido loadings in the middle of 
; j-hat range of carboxylic mo glob in 
levels seen among cigarette smok¬ 
ers. Less clear at this time is the 
effect of carbon monoxide per sc 
r upon cardiac function. However, 
among patients with heart disease 
whose ability to accommodate is 
■, compromised, at levels of 7% to 9% 
carboxyliernoglobin, there is deteri¬ 
oration in several cardiac-function. 

. indices. On the basin of animal cx- 
peri mental data, it appears that 
long-term carbon monoxide expo- >r>.^ ^ >"7 ‘ 

*.? mcs ;' Uo ^ Wo, 

1 .hemoglobin loading arc associated: 

With increased deposition of choles¬ 
terol in blood vessels* On the basis 
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Commentary (25) Dinmnn, Cunt. 


of opuhmiolu^ical data, there arc. 
some suggestions flint this, might 
ol.'io ;;p;,i]v tk> huniana. In addition, 
research m inouitlainons. areas su.> 
i Costs that the. carbon monoxide 

loading stemming from ci ’arefttc 
smoking contributes significantly to 
develbpmnU of chronic moun¬ 
tain sickness. 



(a) The level of 40, 000 ppm carbon monoxide represents pure cigarette pubf-T-V 
smoke which a s moker does not inhale continuously • The concentration of carbon h^ ,. 
monoxide in the expired air of a heavy smoker is 16.4 pprn. and in that of a light 
smoker 7.7 ppm (see page 19) • 

(b) The carboxyhemogjobin levels of 3% as estimated for a light smoker and 
8% for a heavy smoker are not supported by tire available results of investigations. 
Balbo et al (1966) reported a mean level of 2.8% for 7 smokers consuming 30 ci¬ 
garettes daily. Roach etal (1971) recorded a mean level of 4. 25% for 15 smokers 
using more than 10 cigarettes daily (bee page 15). 


(c) The investigation quoted refers probably to Aronow etal (1971);, who 
noted a reduction in exercise tolerance when patients with angina pectoris smoked 
low-nicotine cigarettes. The carboxyhemoglobin blood level is elevated to 7. 79% 
but a cause-and-cffect relationship has not been demonstrated (see page 62). 

(d) The cited : work on cholesterol deposition involves rabbits fed with 
cholesterol in the diet. In dogs, chronically exposed to 100 ppm carbon monoxide, 
De Bias et al (1972) failed to exaggerate the signs of myocardial ischemia. There 
is no experimental support for (lie statement that a blood level of 10% carboxy- 
hemoglobin is harmful to the ischemic heart (see page 62). 
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(26) DOYLE J T : Smoking and myocardial infarction. Circulation 39 L 40: 
Suppl 4: 136-43, 1969* ~T 

This review contains a paragraph on the role of carbon monoxide in path© 
genesis of atherosclerosis. The author views the problem in' the proper pers¬ 
pective. 


/ The manner in which cigarette smoking ac¬ 
celeratesPd'IknosclcroMs and itscomplications 
is, in sliort, unexplained. It is possible that in 
some wav cigarette smoking damages; the arte¬ 
rial inlima.; Carbon monoxide is the likeliest 
immediate candidate for such a role. Some 
. presently mysterious interference with the 
normal mechanism of' (ransport of lipids from 
the plasma through, the-vascular, tunics to. the 
lymphatics secondary to ihe inhalation of cig¬ 
arette smoke is an alternative posribilSiy: 
in alii populations. yet scrub nixed, the prev¬ 
alence and incipience c> f (dili) rise \ v * t J j the 
serum cholesterol 1 ccmeeiili;:iiom ;: “ Jt is, ac¬ 
cordingly, a i;diu:.si!de hypothesis that inordi¬ 
nate cigm cite smoking may be associated with 
an increased senun cholesterol conevni ration. 
Such a relationship dues, indeed, exist, : 1ml i.s 
unimpressive. Although the serum cholesterol 
concentral'ior* m belli men and women i:r con¬ 
sistently liigher in cigarette smokers, the influ¬ 
ence of increasing age is substantially grcalfi-r 
(figs. 1 and 2)/ v: The observation that heavy 
cigarette .smokers have far more atheroma than 
noasmokers is, possibly, complemented by 
Aslmp's observation! lliali fat-fed rabbits ex¬ 
posed to high tensions of carbon monoxide: 
exhibit'extreme hyperlipidemia and cbolestcr- 
osis as compared to controls not exposed to 
carbon monoxide."' 5 * - b This interesting experb 
mental model has, however, no recognized 
counterpart in human epidemiological studies. 
Obesity as a coronary risk factor is not related 
to cigarette sinoldng," Lasdy, the arUn ialblbod 
^ pressure is not.associated!withicigarette habit. 2 
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(27) GIEL B C- : Air pollution and your lungs. Public H eal tlx News: 46: ?46-53, 
1965. 


FACTS ABOUT SPECIFIC AIR POLLUTANTS 


Carle n Mvr.oxldc- 

Carbon nvorr oxide is v/dl known to all of us. Yet 
n’any smoker.; arcs unaware ’hat approximrucly 
seven to cwht percent of' their hemoglobin ni:*y be 
bound as carboxyhcmcfTobin, if in the mean time, 
such an individual 1 ihov.Wl develop vnscuinr irisnlli- 
ciency to vi:r! organs* and then■be forced to breath 
ambient air containing 30 ppm of CO for four to 
six hours or gotten into ait atmosphere where he 
would be exposed to 120 ppm CO for one hour, 
he would bind nri additional five percent of his I 
hemoglobin and could suffer tragic results. * 



The figure of 7% to 8% carboxyhcmoglobin among smokers is an over- 
estima tion. A review of the literature shows an overall mean of 3* 76% for 2, 054 
smokers 4 to 12 hours after smoking, and a peak level of 5. 26% after smoking 
(see pages 12 to 14 and 20 to 21). 
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(28) GOLDSMITH-J It : Carbon monoxide and coronary heart disease. Ann Int 
Med 71: 199-201, 1969. 

A list: of future investigations relating to carbon monoxide is included in 
this Editorial. 



The comple-ed jLpaw puzzle. may give 
a clear picture showing that the role of 
smoking in atherox!erode diseases is medi¬ 
ated in part by carbon monoxide through 
such mechanisms as those in the preceding 
paragraph. A!i>snig pieces are needed: [1] 
tiie effects of^ carbon monoxide exposure 
with and without vasoactive agents on pro¬ 
duction of anginal symptoms with exer¬ 
cise; [2] prognostic importance of enrboxy- 
hemoglobin levels over both short and long 
periods cf time in cardiovascular diseases; 
[3] mechanisms and significance of altered 
hemoglobin binding 1 of oxygen with age, 
smoking, and other factors; and [4] the pos¬ 
sibility of prevention of cardiovascular ef¬ 
fects, of cigarette smoking when such smok¬ 
ing docs net lead to carbon monoxide 
absorption. 
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(29) GOjwLdsvlI ill J R : Carbon monoxide and coronary heart disease: Compel- 
ling evidence in angina pectoris. Ann Int M ed 77; 808-10, 1972. 

This Rcitorial is; do vested largely to the investigations of Aronow. The 2 
pal a gi a phi; repreduco-d herewith coiuxain suggestions for future investigations which 
have not been discussed elsewhere in this review. 

t \ • - . ’ : • • • 


... 


those muter 00 ve:u>; <»>*■ 
. * j 

ratios m several studio. I 


^vk r e still Inch decisive epidemiologic evidence that 
there is a risk of more rapid development of coronary 
heart disease in cigarette smokers with high: ertrbon- 
inortordue uptake, compared with those of the same 
ago and snicking habits bat with low carbon-monox¬ 
ide uptake. We do, however, have convincing evi¬ 
dence that the death rates from coronary heart dis¬ 
ease are higher in cigarette smokers than in non- 
smokers (6y. The 1972 Surgeon Generals smoking, 
and health: report says, "Experimental and epidemio¬ 
logical investigations implicate the elevation of car- 
boxyhcmogluhin levels in smokers as a conti ibutor 
to the development of Cl 11) and 1 arteriosclerotic, pe¬ 
ripheral vascular disease." If one estimates the num¬ 
ber of excess deaths caused by arteriosclerotic heart 
disease in smokers in comparison with deaths of 
people of the same age and sex who are nonsmokers, 
the potential for prevention! is vast. Of the approxi¬ 
mately SiSU Ui.^ deaths in the ITS. caused by arterio¬ 
sclerotic heart di wa^eJeieTctte smoking makes the 
greatest proportionateTom^hulion to the deaths of 

doubling the mortality 
we can substantially re¬ 
duce this toll of dcat!N*hd of associated disability 
by reducing cat bon monoxide exposure, it would 
be a massive public health achievement. Wc arc 
challenged lo develop an alteration in cigarette- 
smoking behavior shut docs not permit an increase 
in carboxyhemoulobi-i to occur. 

It is conceivable that with a cigarette that has a 
catalytic filter or im which the combustion processes 
arc altered there would be less uptake of carbon 
monoxide by the smoker. Possibly an alteration in 
the type of tobacco used would have such effects*. 
Difference in tobacco type- is credited with the dif¬ 
ferential effect of smoking cigars or pipes. Smoking 
these produces relatively lntife increase in carhoxy- 
hcnvoglobin compared with that from cigarettes. Al¬ 
though much attention is given to cigarettes that 
are low in tar and nicotine, practically no attention 
has so far been given to the public health importance 
of cigarette smoking that produces a low output jaf _ 
carbon monoxide. Such attention is urgently indi¬ 
cated by* the evidence that even small increases in 
>carboxyhcir.oglobin, as we used to think of them, 
can decrease live work capacity of persons with 

M 
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C30) GOIbDSTEIM R.' E and EPSTEIN 5 E : Medical management of patients with 
angina pectoris* Prug Cardiovas Pis 14: 360 : -9d; 1972. 


Cigarette Sw:o?%Hig... 

PAlionSv with angina who smoke a single oigarche before exercise expe¬ 
rience 5'g:;indent decreases in the duration of exercise required to precipitate 
ischemie pain/ 1 Pic dbcreflscd exercise capacity after cigarette smoking 
is assorhkd: with, a greater heart rate and blood pressure both'at rest and 
after equal amounts of exorcise. Sir.ee die pressure-rate product was the 
sasbc at anuinn before and! alter smokin'*,; Aronovv and Kaohm concluded 
that smoking increased MVG : during exercise, thus precipitating ischrtnic 
pain sooner without appreciably altering myocardial oxygen delivery. These 
authors attributed the alteration in circn injury response to exercise to gangli¬ 
onic stimulation by nicolino, although subsequent studies'* using lo\v*nicotinc 
cigarettes-yielded the same results as tliosc using ordinary cigarettes. Cigarette 
smoking might also impair myocardial oxygen delivery-in some individuals 
by converting hemoglobin to carhovyliemuglrmiri, a change which impairs 
or destroys the abill’v of hemoglobin to convey oxygen to tissues. Up to 
152 conversion to carboxyiirmoglobin can result from heavy smoking.* 1 


. ’ ' : 5 v:f V The last sentence quotes Ayres et al , which is actually an abstract. 

-1 \y :The statement that heavy smoking can produce a blood level of 15% carboxyhemo- 
’ - ^ globin is not based on any experimental observations- 

r -: : - * • Carboxyramoglebia (CCKS)and tha Access to 
Oxygen: An E;:a.r.p!2 of Mu nan Counter-Evolution 

.. . k- • ‘ . ' STEPHEN M. AY-iES, :/O, FACC: STANLEY GIANNELLJ. Jr. 

MO, FAOG;;HJLTHUQ MUELLER. .V.D, New York, New York 

g: .. . " Cigarette Fir.oking and exposure to eonnuunity air pol- 

. . y ;:* V . lutioii'produce COIID sjiUiratinns bctv.voa ^ ami !.>'< 

. - and dfacrc-use both oxygen capacity and! the un!o«*idir.g; 

y tension of; circulating hemoglobin. An ir.iiividtiali withi 

15Cv> COHl!. xins regrn^ed to a 'hemoglobin which is; 

. functionally intermediate between! that of an elephant . 

and a newborn goat. 

Acute studies performed in^Gisubjccts demonstrated 
that elevation of COilK levels to an average of '7;Sfi'V 
increased cardiac output from 5^01 to a.ob liters/min, 
increased minute ventilation! from n;Sfi iOi S.C-i liter.';/ 
min, and decreased arterial ami mixed veerms oxygen 
tension from 81 and .'J!l io 7C and .‘11 mm Hg, respec¬ 
tively.. Myocardial studies performed by. coronary sinus 
catheterization demonstrated!that 1 similar elevations of 
COHH increased coronary blood flow, decreased coro¬ 
nary artery-coronary, sinus oxygen content and de¬ 
creased coronary sinus; oxygen: tension. The. changer?: 
were mnsf 1 markediin patients with'coronary artery dis¬ 
ease or chronic emphysema, lactate extract ion deereas¬ 
ing in 10 of 1.7: patients. The pi*.-ability of adaptation 
wxis studied liv achieving similar COjili concentrations 
with both a low and high concentration of carbon rnon- 
oxide. Urine dynamic changes appeared: more marked 

C with adniiui.-dvalinni of the high concentration cve»i 

thf iigh COJ! II was liie same. 

Those studies suggest that OOilT* concontratiojis bc- 
twoon f> and lO'.i, may produce abnormal myocardial 
function in certain individual.’. Thu: wirli-knuwu dt*!e- 
teriiuis;clloci!of cigarette.smoking mi linxhe.irt may be 
cxpktiiitVdby 1 lie* interaction of COlItt and juViilihc, the 
latter increasiiijf cardiiie worl: and the funnier dccivas- 
ihg oxygen aviiiiaidiity. 
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(3l)i LIaDQuIoi V A Y: Carbon monoxide: Its relationship to air pollution and 
cigarette smoking. Public Health Lo acIbn'Sfk 20-6, 1970. „ : 


(v-'C i.’ar-v .nr.! pipe i*>b:icc<i produce mure CO than ciunrdtos. hut ciaurctle smokers lend 
to hove higher lew!- »>r COIrc~.,v; they ?!y*";The phase of cigarette 

smoke contains !-J % CO (Dr borne et- eL 1565.; It >1 hove a & Nieven, 196 !» end the 
. concentrations tend, to be hii-hest as thecii-arette is smoked down toward the'bati-encL 
Continuous excuse to such ambient curccntrations would normally render a man un- ' 
conscious in at fc-.v- minutes. However,; inhalation of curette smoke is both transient and 
intcrr.vit-rcnt; and the nas is diluted with atmospheric air so that a sincic cigarette would 
not be. expected to produce an immediate rise in CO Mb of more than 3%. Dunns? the 
course of a day, those who smoke heavily and inhale usually, have mean COHb con- 
!. centrations in excess of 4% and may even exceed 10% (Ayte-s et al., 11265; Goldsmith & 
Landaw, I26B). -. ..a,..’ 


(a) This is a more accurate summary of carboxyhemoglobin- levels in ciga- 
retie smokers * • ; 

, .* Myocardial Oxygenation 

*% TIjosc organs with high oxygen- consumption leave little “reserve" in the blood. v, p „lym« 
thenvand therefore rely more on increased!perfusion t© meet anv extra demand for oxv'-n" 

The myocardium is a typical example. A combination of high, oxv -en demand poo-~V 
fus.cn lowered oxygen capacity and impaired oxygen uncoupling from the’blood will ' 

. obviously prejudice tissue respiration. This was classically demonstrated by Av r «s -t cl 
(1269, !97y): In a group of noncoronary disease patients undergoing cardiac cathetJ. Atiba- 
raiding the COHb level- to 9 0% prcducca a significant increase in coronary per/aston. 

Despite this, however, the oxygen tension of coronary sinus blood, and nresuir4dvof'th- 
myocardiun itself, dropped:slightly. After raising the COHb to.a sirni’.ar'dcPFcelri a croup 
with established coronary disease, the increase in perfusion, was less marted ana there was 
definite reversal of lactate and pyruvate extraction in addition to a drop in oxygen extraction. 

This indicated significant myocardial hypoxia, x ' * 


(b) The experiments of Ayres et al (1969, 1970), consisting of inhalation of 

carbon monoxide causing blood levels of 9# 0% are probably in error© This is dis¬ 
cussed elsewhere in the present commentary (s ee page 148). 








bource: nttps://www.industrydocuments.ucsT.edu/docs/yrmKUOUU 



:'?. 4 */. *') ; ; f 

-. » • » V v ; ■ - 1 H" 

7-' ; - ,: :; v «,-“ ’ 1 




(32) NAHtlM LH : Smoking and thrombosis. Conn Med 29: 853-4, 


1965. 


; '77 




~ The next problem is to determine by what 
;■ mechanism doe's smoking accelerate thrombosis. 

Employing- the method of. multiple• working hypo* 
'. theses, >' number of po.ubilitics immediately pre¬ 
sent themselves. One is that smoking produces an 
increase in carbon monoxide hemoglobin up to 
• 15-20 per cent which somehow promotes throm¬ 

bosis. Another is that nicotine absorption itself sets 
.A -into operation the thrombotic 'process. A third pos- 
sibility is the welt known ellcct of nicotine in 
, A liberating increased amounts of epinephrine, which 
nKl V 6e the real culprit in accelerating thrombosis. 
; ’'7;'A fourth possibility is that shipke irritation in the 
7.bronchial mucosa liberates into the blood stream 
‘ a thrombus inducing agt:ixt. Perhaps there are other 
77v "possibilities as yet unidenuTied^T^ 77- ■ v : • 
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That cigarette smoking produces an increase in carboxtyhcmoglobin of up - r •: 
to 15% to 20% is a rarity, ' In a review of the literature, it was found that out of -A/ 

30 investigations only Meigs (1948) reported a mean level of 16.2% for a group of 
6 habitual smokers. The overall mean level for 2, 054 subjects reported in 29 in-ip'v|^' 
vestigations was 3. 76% (see page 12). .;;.;7Vv77 v 7' : -?-, 
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(33) NAHUM L II : Toxic products in cigarette smoke: pleasure or poison* 
Conn Med 32: 154 - 5 / 19:6.3. , 


Okay. well let’s sec whru it is that the cigarette 
smoker inhales. Most people when they consider 
air poikuiciii think t>£ the: aninnmbik;, the snio3:c- 
/ stack or the trash burners. It's time iku u> point 

to a kiosl damaging source of air pollution, the 
- cigarette. One cf the toxic products of tlic automo¬ 

bile exhaust is carbon monoxide (CO). Exposure 
for one hour to a concentration of this gas of I2G 
parts per million causes inactivation of about 5 
per cent of the body hemoglobin by forming CO 
hemoglobin: Concentrations of CO ns high ns ICO 

• ppm* often occur in garages, in tunnels, and be¬ 
hind automobiles. Such concentrations are tiny in 
comparison with those (12,000 ppm.) found in 
cigarette sruokcl 

The smoker survives localise most of the time he 

* breathes air not so heavily polluted. Nevertheless 
.the. smoker can carry 15 to 20 per cent CO hemo¬ 
globin for hours- and seriously reduce the oxygen 
supply to already-compromised areas in the brain, 
heart and els where whose arteries are narrowed by 
atherosclerotic disease. Furthermore* in a poorly 
ventilated smoke-filled room concentrations of CO 
can easily reach several hu suited parts per million 
thus exposing-smokers and non-smokers present to 
a toxic hazard The headache and fatigue that 
those exposed experience after a time in such an 
atmosphere is no accident and not psychosomatic. 



The concentration of carbon monoxide that a smoker is exposed: to con¬ 
tinuously is not 42, 000 ppm- This is the concentration of pure cigarette smoke 
which reaches the lung diluted with atmos pheric air. The concentration of car¬ 
bon monoxide in expired air would be a more reasonable estimation- Ringold 
et al (1962) have reported the following observations with regard to the latter: 
heavy smokers had a concentration of 16.4 ppm, light smokers 7.7 ppm arid non- 
smokers 0. 8 ppm (see page 19 ) . 
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(34) NAHUM L H : The efiect.3 of carboa monoxide on human health. 
33: 90.-2,. 1969- 


Conn Med 


CO. occurs in high concentration in cigarette 
sisuwvcr greater (han 3 par .cent, this means 20,000 
ppm. although D:; vv(im;itc of the average. concern 
trillion in smoke is nint h Irss—lOO ppmi Jn a popu¬ 
lation of longshoremen smoking produced 6 per 
cent of COIIb. When it comes to occupational ex¬ 
posure 12-14 per cmi of employed persons had oc¬ 
cupations in which there is a Jikdiiioodi of ex¬ 
posure. Various forms of indbor combustion may 
emit CO- and a number of deaths each year are 
due to poisoning from this source. Gas fired base* 
board! heaters were incriminated byMichigan State 
Department of Public Health. Open fires and 1 
charcoal braziers produce substantial amounts of 
CO. 


(^-) Blood levels of h3.hitu.2-l smokers have been, reported by 1 1 vroups of 
investigators. The overall peak after smoking was 5.26% (see page 20). The 
blood levels 4 to 12 hours after smoking, have been reported 1 by 30 groups of 
investigators wien an oseiall iticua oi 3. a yyo. The smoker throughout 24 hours 
sustains a level be tween 3. 76% and 5# 26% (see page 12). 


\! Gnu- alleged that 4w per cent of 721 drivers had 
chronic CO. poisoning characterized by fatigue, 
headache, irritability, dizziness, disturbed sleep and 1 
other symptoms. Some subjects had'abnormal neuro¬ 
logical symptoms. From tlvc epidemiological point 
of view it is desirable to obtain data which would 
show whether there arc CO. associated increases in 
such relatively frequent events as motor vehicle 
accidents or in fatality rates with myocardial in¬ 
farction to confirm the data from the Los Angeles 
Hospitals where an association of CO. and ease 
fatality rales in 3,030 patients with myocardial in¬ 
farction was observed. 'Lite central nervous system 
effects arc definitely due to anoxia. 'Five mechanism 
of myocardial cifectis probably arc similarly pro¬ 
duced. Liiulenbcrg 1 did obtain significant electro¬ 
cardiographic changes on exposing dogs for six 
weeks to fiO ppm. CO. They also showed dilatation 
of the right ventricle, scarring of heart muscle and 
fatty deggneration. A very important question! for 
epidemiologists to study is whether exposure to low 
concentrations of C0: have a role in the develop¬ 
ment of human heart disease. Inferring fiom results 
of acute toxicologic and experimental studies, we 
can begin to appreciate live abundant data linking 
cigarette smoking to cmouary heart disease. As far 
as cigarette smoking is concerned we must keep in 
mind that high levels of COllb. imply also iuncas- 
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Commentary (31) Nahum, Cor?. 








It is sr«fc to sny that exposure to CO. is wide¬ 
spread, that the sn>oker who inhales 0 per rctu CIO. 
is tlevc'lopin^ a hloou cois* cun.iiicm whicln is a 
serious fin cat to the liealilr lw persons whir under¬ 
lying rauiiovasnular dfsease. It is also true that coin* 
mindly air ution may produce COiil). in non- 
smokers similar to that r;hscrvcd in siroEen. Even 
low and commonly occur* it?;? CO. exposures may, 
jmpjir performance of com;::ex psyrhonuHor tasks. 
Finally that CO. has a vme in motor vehicle acci¬ 
dents, is supported by datam? high CO Mb. in many 
driver: involved in accidents. 

■ ■ L.K.N. 
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o 


(b): Each statement in this paragraph can be challenged by work of other 
investigators. For ins dance, at a meeting: Lindenberg et all presented the elec¬ 
trocardiographic changes on exposing dogs for 6 weeks to 50 ppm, carbon monox¬ 
ide. De B:.as et al (I9<2) published the results; of their investigations indicating 
that exposure of dogs to 100 ppm carbon monoxide for 14 weeks dbes not influence 
die heart that has been previously infarctcd (see page 62). 
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(35) ROSE E F and R0.7E M: Carbon monoxide: A challenge to the physician. 
Clin hied 78: 12-21, 197a. 

c i The riKouul of'CO iii'Gi^nrerfc 
rmoke varicr. between 1 and 2:5 
per ocut by voiume.;* and ran- 
create drj comfort not on‘y for ; 

the addict but also for others in 
the* environment. For ike aver¬ 
age cm o!tcr,. the concentration of 
CO 'reaching the* alveoli h; about 
0.0*1 per cent (400 ppm)-. The 
importance of cigarettc-pro*- 

ducc-d GO is amply demonstrated ’ 

by samplings from fleet stibmn- - ‘ 
rincu submerged! for extended t 

periods. In 20 hours, concentra¬ 
tions may reach 0.01 per cent 

(100 ppm) , R with cigarette smoke • ... 

accounting for 75 to SO per cent 
of tlie CO production. 6 This cx- 
- ceedu the allowable maximum 

concentrations rcco:amended by 
the American Conference of 
GoveiTiraentalindurtrinl Hygien** 
iste, winch states that CO con- * 
ceritrations in the atmosphere 
-should bo kept below 50 ppm. 7 


(a) The concentralion of carbon, monoxide: reaching the alveoli is not 400 ppm 
for the average smoker. Jongbloed (1939) noted the highest level of 3 1.5 ppm after 
a subject finished smoking a 4th cigarette (see page 19)• 


u Because individuals who 
^smeke from 20 to 30 cigarettes 
daily have a COITb. level ranging 
from three to 10 per cenf, ic there 
is a widespread mistaken idea 
that smokers are more suscep¬ 
tible to environmental CO than 
are nonsmokers. CO from cigar¬ 
ettes and CO in the ambient air 
are not additive in their biologic 
effects-. CO is absorbed into the 
bloodstream only when the pres¬ 
sure of CO in the ambient air 
exceeds that in the pulmonary 
capillary blood. "Thus, persons 
with COHb levels of five per cent 
as a result of smoking do 1 not ab¬ 
sorb further CO unless the en¬ 
viron mjnUi I CO concentrations 
.'exceed 0.003 to 0.001 per cent. 


(b) The cited reference 16 is Barach et al (1911). Although the range'is 'Ae ^ jg ^ 
3% to 10%. the mean value is 5. 7% for the car boxyhemoglobin level. O the regroups 
stigators reported I mean 
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ComiTientury (35)- Ros e, 


>f When cardiac fimof ten is nor¬ 
mal there is a; SKfidhcam margin 
of safety t-vcn though lilac CO 
intoxication is of long: cuirafinn. 
A variety ci oloclrocnrcJioyraw-b ic 
aberrations have been obset■'rod 
following CO poisoning, bu t. typi¬ 
cal! y there is a lorv-vohiaffe pat¬ 
tern ."’ 1 Recovery is apparently 
rapid foli»o\vi:r( the restoration uf 
oxygen and: there is a reversion 
to a “normal” elecirocardiogrran; 
however, enzyme studies may 
show altera!ions indierfliing ische¬ 
mic heart damage. 2 * ‘Epidemiolog¬ 
ic studies of cigarette smokers 
indicate that.the death rate from 
coronary heart disease is consid^ 
erably higher for smokers than 
for nonsmokers ," 1 and in patients 
with heart disease ihcre is deter¬ 
ioration of cardiac-function, in¬ 
dices at blood levels; of seven to 
nine per cent CO* Tb n 


(c) The cited reference for die last sentence is by Dinrnan (1970), an 
edito rici 1 that is commented upon elsewhere ini.this report (see page 160). 
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(38) SKLTZER C C : The effect of cigarette smoking on coronary heart disease. 

Arch Enviro n H'caJth -20: 418-23, 1970. 

This article reviews the effect of cigarette smoking on coronary heart di¬ 
sease. Sclt'/er disevv^ses the 'shortcomings of ihtcror etatiens appearing in the 
Surgeon• Gufii^ral's report. The questioni as to the role of carbon-monoxide in. ciga¬ 
rette smoke is discussed. It rhould be noted ths.fc the work of Ayres quoted in the 
article has been conrnientied upon elsewhere (see page 148). • 


6. Does the carbon monoxide constituent 
of cige.rette smoke result in or contribute to 
increased myocardial infarction or sudden 
death either in normal Individuals or in 
persons with already impaired coronary cir¬ 
culation due to CUD? 

Studies have shown that the carbon mon¬ 
oxide constituent of cigarette sir.olio dbes 
effect increases (2% lo 10°7A in the levels 
of carboxyh.enia^lolsin (CGHbV 
when heavy-cigarette smokers and m^.vct.o!;- 
era ware compared* with the consilient dis- 
p income at cf oxyhemoglobin. 3n addition, 
'Carbon, monoxide effects a shift to the left of 
i }ic oxy;:eri-hcni 0 ^kiliiu dissociation curve, 
which may result in a decreased release of 
cxy^ea at the ti.vueJevel.- 1 

C:v the whole, experimental and clinical 
investigations bearing on this question are 
few. Tha meat salient work in thus area has 
been performed by Ay ms and associates." 1 
In 23 human subjects before arid after car¬ 
ton monoxide inhalation* these investigators 
found no significant change in oxygen ten¬ 
sion. In another p\[?erih:ont,. after exposure 
to carbon monoxide, coronary blood flow 
increased significantly in seven non-CKD 
patients but not jin four patients with nrte- 
riographically proven CHD. In the patients 
with CHD, myocardial lactate and pyruvate 
exti'aclicn decrea.^ii or shifted to actual pio- 
duction, suggesting anaerobic metabolism. 

If carb-un monoxide does in fact apprecia¬ 
bly decrease oxygen extraction at die 
myocardial level, the matter of oxygen con- 
• sumption may hinge on the extent of in¬ 
crease in coronary blond flow in normal per¬ 
son, 'while in persons with dboaavl coro- 
r‘ ry arteries, the irxiep.se in bleed flow is 
slight or absent Hence, it may be a question 
of the ultimate balance of these opposing 
forces, In normal perrons, there is the pre¬ 
sumption Cant the increased coronary blood 
flov/ more than matches the- presumed de¬ 
crease in o.’.yrcn ext motion. AVholher or no t 
tills fa>is to occur in patients with obvious 
. CHD, to such an extent as to “trigg 
coronary event is as yet unknown and much 
ykwork remains to be done in this area* 
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*.*■ ...Three types of investigat ions arc recommended to supplement the 4 ' 




- X-.\; -X ■■■ XtvXS«Wr- 

available information on the role of carbon monoxide in cigarette smoking. 

X ■, A X:-;Xv ; ■•'• • -XT: n.' . X ..XX 

They are as follows : .,;XX Xb.:;’ . ; •. 

• 'X "'•'" X’ • * :. '•-'X’M ••’•’ xr •.'ri • % 4 '"•; ' />.' 

1. CuirboxyhevnCM*!obin. blood levels of habitual smokers are passive 



■ " - : "... • ...*'• ' ■ ' “ ‘ "■ ' s£faV' : --. ‘d 

samples in the coarse of a day and less frequently samples at night, to derive 

..... w V . “:;v.k ; xx ‘V-‘V •:■ ix^t^AxV' V ''••■.•> x. -" • ' \ 'x*x*;' 

an integrated blood level- In the same investigation, the subjects, both smokers 

. . , ' . -' xx- * x: f • • " •; ■ *•'• 

" . A x-'^.x-vK . - ; wx • " • • 

and nonsmokers, will be exposed to varying levels of muscular activity and will _^* v 'k 
include some with chronic pulmonary or coronary heart disease- xdv 

2. Comp a rison of cigarette smoking and carbon monoxide inhaliation- * 

’Of all the investigations on the effects of inhalation of carbon monoxide in man 

and animals almost none extend to a comparison of the equivalent carboxyhemoglobih C 

levelwith that produced by cigarette smoking. Investigators should be encouraged 

to include cigarette smoking in their investigation of carbon monoxide inhalation- ’ 

Special procedures that will determine the development of tolerance to carbon . 

■ ■ ' ■■■’ • ’ k.kx" ; 

monoxide and the interaction between carbon monoxide and other constituents : 

‘ XX- V..'V 

x * • X. b- ; VXV;AJ.^.. 

of cigarette smoke may be added to the investigation* * ;■! 1005051239 X ; -3xS £ 

‘ ■ t_ . ■' - : ' 

3. Retrospective studies of workers in an environment containing carbon ’ :'-?U 

> * —' C * - " ” ...x^>- 

• ■>-:■:■ X' • ...■ rT 

mo noxide - Tunnel workers and miners may be conveniently studied for incidence 

of coronary heart disease- The limited number of reports on such individuals so 
• ' k. . -VT V” 

far fail' to show any disturbance that could be attributed to chronic exposure to 

carbon monoxide. • , >?■ '■ V '...!, _’ 
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GAULTIER, FOURNIER,, GER VAIS, 
EFTHYMIOU; SRAER, BISMUTH, 
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GERHARDT, GOTHERT, MALORNY and ! 

WILKE 1970 (A 390) 201 
GERHARDT, GOTHERT, MALORNY and 
WILKE 1971 (A 806) 230 
GERITSENi 1964 (A 701) 222 
GETTLER and MATTICE 1933 (45) 17 
11, 14 

GIBBONS and MITROPOULOS 1972 (372) 

72, 70 

GIBSON, HELLER and'YAKULIS 1966 
(A 89) 181 

GIBSON and KAMEN 1966 (A 90) 181 
GIBSON, PALMER and WHARTON 1965 
(A 88) 181 

GIBSON and PARKHURST 1968 (A 91) 182 

GIEL 1965 (660) 115, 163 

GIEVER 1967 (9) 9, 6 

GIEVER and RUCH 1971 <A2 53} 192 

GILL 1971 (A 667) 219 

GIRARDI, CIS and PLATTI 1967 (A 485) 207 
GIRQND 1 967 (575) 105, 102 
GLADYSHEVSKAIA , DOLOSHITSKY and 
SOBCHUK 1966 (619) 112, 111 
GLASEL 1970 (A 748)' 226 
GLASS, MALLACH and WOJAHN 1966 
(A66S) 219 

GLASS, EDWARDS, DcGARRETA and 
CLARK 1969 (A 92) 182 
GLASS, GAKRETA. LEWIS, GRAMMAT1 COS 
and SZUR 1968 (409) 77, 74 
GLASS, JACOBY, WES TERM AN, CLARK, 
ARNOT and DIXON 1968 (576) 105,, 102 
GLOWACKI, GRUBZINSKA and WACLAWIK 1958 
- ( 432 ) 80 , 79 
GOK1N 1971 (2S3) 59* 57 
COLACKA, JANIK~KURYLCIO and 
ROZEK 1969 (A 669) 219 
GOLDBERG and CHAPPELL 1967 (509) 94, 93 
GOLDSMITH 1964 (10) 9, 6 
GOLDSMITH 1967 (A 254) 192 
GOLDSMITH 1967 (A 670) 219 
GOLDSMITH 1969 (661) 1 15, 164 
GOLDSMITH! 1970 (320) 64, 61 
GOLDSMITH 1972 (662) 115, 165 
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GOLDSMITH and COHEN 1969 (11) 9. 7 
GOLDSMITH land DEANE 1965 (A 286) 194 
GOLDSMITH and 1 ANDAW 1'9.6K : (12) 9, 6 
GOLDSMITH and ROGERS 1959 (285) 194 
GOLDSMITH.; SCHUETTE and NO VICK 1963 
(46) 17, 13* 14; (150) 31, 33 
GOLDSMITH and TERZAGHI 1963 (76) 22 . 21 ; 

• (151) 34. 33 

GOLDSMITH, TERZAGHI and HACKNEY 1963 

(180) 40, 38 

GOLDSTEIN 1965 (577) 105, 102 
GOLDSTEIN and EPSTEIN 1972 (663): 115, 166 
GORALSKI'and JANUSZKO 1968 (A 4S6) 207 
GORDON 1965 (A 487) 207 
GORODINSKY, LEVINSKY and SCHERBAKOV 

1967 (A 334) 198 
GORSKI 1962 (2S4) 57, 59 

GOTHE, FRISTEDT, SUNDELL, ; KOLMODIN 
Eli R NEU - SAM U EL and GOTHE 1969 

(181) 40, 38* 39 

GOTHERT, LUTZ and MALORNY 1970 (338) 

67. 66 

GOTO' 1968 (A 749)i 226 
GOULD1NG 1965 (A 629) 216 
GOULDING 1967 (A 750) 226 
GOULON, BAROIS, RAFIN, NOUAILHAT, 
AUGUSTIN; HENNETIER, BAGUET, 
KUNTZIGER and BRETEAU 1965 (A 751) 226 
GOULON, BAROIS, RAPIN',. NOUAILHAT, 

GROSBU1S and LARROUSSE 1969 (A 809)1230 
GOULON, BAROIS, GAJDOS, LAEROUSSE, 
SCHORTGEN, AMERONGEN and ROBERT 
1970 (A 752) 226 

GOULON and HENNETIER 1966 AA 807) 230 
GOULON, LEVY-ALCOVER, NOUAILHAT 
and DORDAIN 1967 (A 808) 230 
GOULON, LEVY-ALCOVER, NOUAILHAT and 
DORDAIN 1968 (A 810) 230 
GRAHAM.and HITCHENS 1968 (A 630) 216 
GRAMER and BECKENKAMPH 1966 (A 811) 230 
GRAMER and ROUF 1968 (410) 77, 74 
GRAZIANI and PAGGI 1965. (A 812) 230 
GRAZIANI, ROSSr. CASTELLINO and 
SILVERSTRONIi 1957 (243) 53, 52 
GRAY and GIBSON 1970 (A 93) 182 
GRAY and GIBSON! 1971 (A 94) 182 
GRAY and GIBSON: 1971 (A 95) 182 
GRAYBIEL 19-12 ( 242 ) 53 , 51 
GREGORY, MALINOSKI and SHARP 1969 
(A 631)i 216 

GREMY, SALMON, FRANCOIS and BERTIN 

1968 (A 671) 219 

GRIFFIN and HOLLOCHER 1967 (A 96) 182 
GRIFFITHS 1970 (A 672) 219 
GROB 1963: (119) 30, 29 

GROM ME, SCHNEIDER and MASSHOFF 1969 
(533) 97, 96; (A 488). 207 
GROSSE and NEUHAUS 1970 (552) 101, 99 
GRUNDY 1969 (A 255) 192 

GRUT, ASTRUP, Cl [ALLEN and GERHARDSSON: 

1970 (13) 9. 7 
GULTUN 1969 (A 702) 223 


GUEST, DUNCAN and LAWTIIER 1970 
(462) 86 , 85 

GUEYE, BA and DIOP 1965 (A 673) 

219 

GUIDOTTI and KONJGSBERG 1964 (A 97) 182 
GUILLERM, BADRE and GAUTIER 1967 
(285) 59. 56 

GULERIA, PANDE, SEITHI and ROY 1971 
(A 391) 201 

GULZOW. 1957 (A 392) 201 
GUNTHER 1971 (A 489) 207 
GUTENKAUF, BRATT and ELIOT 1967 
77. 75 

GUY, SALHANY and ELIOT 1971 (412): 

77, 75 

. GUYATT, NEWMAN, CINKOTAL, PALMER 
and THOMSON 1965 (A 393) 202 
G YD ELL 1966 (A 261 177 
HAAB and PIPER 1968 (A 394) 202 
HAAGEN-SMIT 1966 (A 287) 194 
HADDON, NESBITT and GARCIA 1961 
(57 8 > = 105, 104 

. HAEBISCH 1970 (120) 30, 28 
HAGGARD and GREENBERG 1934 (601) 110, 
109 

HAHN and COPELAND 1966 (A 593) 214 
HAKIM 1970 (580) 106. 1 02 
HALL 1970 (463) 86 , 85 
HALL 1972 (433) 80, 79 
HALPERIN, McFARLAND, NIVEN and 
ROUGIITON 195 9 (440) 83, 81 
HAMEL-PUSKARIC, BERITIC, JUSIC and 
' FRANJIC 1970 (A 490) 207 
HAMILL and O'NEILL 1969 (77) 22, 21 
HAMILTON and KERSTING 1970 (A 395) 

202 

HAMM 1966 (A 396) 202 
HANISCH 1969 (A 98) 182 
HANKE and KIERES 1967 (602) 110, 108 
HANKS 1970 (483) 91, 89 
BANQUET and LAMY 1971 (A 813) 230 
HANSEN 1970 (A 491) 207 
HANSEN,: WILKE, MALORNY and GOTHERT 
1972 (47) 17, 15; (153) 34 
HANSON and HASTINGS 1933 (78) 22 ; 

34, 33 

HANSSON and SUNDSTROM 1969 (A 27) 

177 

HANSZ and STYPEREK 1968 (464): 86, 85 
HA RADA and KOZUMA 1968 (534) 97, 96c 
- (A 492) 207 

HARADA, TSUKAYAMA, MIMURA, MINAMI 
and TATETSU' 1971 (535) 97, 96 
HARDING, WONG and NELSON 1964 
(603) 110. 108 

HARIvE 1970 (95) 26, 24, 25 
HARKE 1971 (100) 26, 25 
HARKEand DREWS 1968 (121) 30* 29 
HART RIDGE 1 920 (48) 17., 11, 14 
HATZFELD, WIENER and BRISCOE 1967 
(A 397) 202 

HAYASHNI, MOTOKAWA and KIKUCIII 
1966 (A 99) 182 
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HAYES and HALL 196-1 (244) 54, 52 
HAYWOOD, WA LB LUG, ; KERR, MOHS ENIN 
and MOULD ft 1972 (321) 64, 61 
HEGGLIN 19-14 (245) 54; 52 
HEIDRICH, BARCKOW and'FRISJUS 1970 (339) 

67. 66 

y HEIDRICH and KLEMS 1969 (373) 72,, 69 
HEISTAD and: WHEELER 1972 (340) 67, 66 
11ELLUNG^LARSEN, KJELDSEN, MELLEMGAARD 
AND ASTJIUP 1966 (A 28) 177 
■ HELLUNG-LARSEN; LAUR5EN, KJELDSEN and 
ASTRUP 1968 (374) 72, 70 
ilELMCIIEN and KUNKEL 1 964 (441) S3, SI 
HERNANDEZ, MAZEL and GILLETTE 1967 
(A 556) 211 

HERON 1962 (581); 106* 102, 104 
HESS 1971 (101)i 26, 25 

HEXTER andiGOLDSMITH 1971 (A 256)! 192 
HEYDENEEICH 1970 (442) 83, 81 


i-age 24u 

■HUBER, EPP and FORMA-NEK 1970 
(A 10S) 182 

HUBERT 1943 (322) 64, 63 
HUEPER 1944 (375) 72, 70 
HUGHES and FISHER 1965 (A 674) 219 
HUNDT and GRUNBERG I960 (246) 

54, 52 

HYDE, MARIN, RY'NES, KARREMAN 
1971 (A 404) 202 
XA BLOCH KIN 1966 (A 335) 198 
ICHIKAWA, HAGIHARA and YAMANO 
1967 (A 559) 211» 

IKEDA. 1969 (444) 83, 81 
IKUTA 1969 (A 4 94) 207 
INANAGA 1966 (A 497) 208 
INANAGA 1968 (A 493) 208 
INANAGA, KUHARA, KUWAHARA, 
TOIilSlf and SUZUKI 1966A (536) 

97, 96 


c 


HEYNDRICKX, SCHEIRIS, VERCRUYSSE and: 
- OKKERSE 1970 (A 753) 226 
HILDEBRANDT, FRANKLIN, ROOTS and 
ESTABROOK 1971 (A 100) 182 
HILPERT 1971 (A 398) 202 
HIRANO, INDUE and TANAMU 1967 (604) 

110, 109 

HIRANO, INOUE and TANAMI 1968 (605) 

110, 108 

HIRANO, INOUE and TANAMI 1971 (A 814) 

• 230 

HIRATA, HIOKI and HASIIIMOTO 1969 (510) 
94. 93 

HIRSCH 1968 (A 594) 214 
KLAVIGA, KIESE, LANGE and MOR 1969 
(A 557} 211 

, HOCHSTRATE and OBERDISSE 1970 (A 558) 
211 

. HODY and BAILEY 1968 (A 171) 187 
HOFREUTER, CATCOTT and XIN TARAS 
;■ 1962 (49) 17, 15; (154) 34, 33 

. HOLCZABEK 1971 (2S6) 59, 58 
HOLETON 1971 (A 595) 214 
HOLETON: 1971 (A 596) 214 
HOLLAND 1965 (A 101) 1S2 
HOLLAND 1967 (A 102) 3S2 
HOLLAND 1969 (A 104) 1S2 
HOLLAND 1969 (A 103) 1S2 
HOLLAND 1970 (A 105) J32 
HOLM 1950 (287) 59, 57 
HOLMGREN 1965 (A 402} 202 
HOLMGREN 1965 (A 399) 202 
HOLMGREN 1965 (A 400) 202 
HOLMGREN 1965 (A 401): 202 
HORIE 1964: (A 106) 1S2 
HORIE 1965 (A 107) 182 
HORVATH. DAHMS and O'HANLON 1971 
(484): 91, 89 1 

HOSKO 1970 (443) 83, 81 
IIOV/SE and SEDDON 1966 (620) 112, 111 
IISIEH, ROSS, SMALL and THOMPSON 1968 
(A 403) 202 

HSI-PU and Li-MING 1910 (79) 22. 21 


INANAGA, KUHARA, KUWAHARA and 
OGATA 1966B (537) 97, 96 
INGIULLA, GRASSO and MARIOTTINI 
1968 (A 288)i 194 

' IPPEN and GOERZ 1969 (621) 112, Ill 
ISH1KAWA 1969 (A 499) 208 
nVANOWSKA 1967 (A 815) 230' 

JACOBSEN 1971 (A 816) 230 

JAFFE 1968 (A 190) 189 

JAFFE 1970 (A 191) 189 

JAFFE 1965 (2S8) 59. 57 

JAFFE 1968 (323) 64, 61 

JAGI and ZI MM ERMA NN 1934 (289) 

59* 56 

JAMES and RUMBLE 1967 (A 405) 202 
JARRELL 1965 (122) 30, 28 
JAVANOVIC and POLOVINA 1964 (A 29) 

177 

JECH 1972 (14) 9, 6 
JEDRYCIIOWSKI, KUS, PIOTROWSKI 
and SAWICKI 1965 (A 560) 212 
JEDRYCHOWSKI, KUS, PIOTROWSKI and 
SAWICKI 1965 (A 561) 212 
■ JEFCOATE and GAYLOR 1969 (A 109) 182 
JENEY and MEDVE 1967 (A 597) 214 
JESCHECK 1967 (A 500) 208 
JOELS and NEIL 1962 (216) 49, 47 
JOHNSON, DWORETZKY and HELLER 1968: 

(A 289) 195 

JOHNSON and MILLER 1968 (A 408) 202 
JOHNSON, TAYLOR and De GRAFF 1965 
(A 407) 202 

"‘JOHNSON, TAYLOR and LAWSON; 1965 
(A 4 06) 202 • 

JOHNSTON and BURGER 1971 (A 172) 187 
JONES, YANT and BERGER 1923 (102) 26, 24 
JONES* STRICKLAND, STUNKARD and 
SIEGEL 1971 (413) 77, 75 
JONCBLOED 193 9 (80) 22, 19 
JOPKIEWICZ, KONECK1 and WENTKOWSKI 
1965 (622) 112, 111 
JORDI 1967 (A 501) 208 
JORDI 1968 (A 703) 223 
JUDD 1971 (A 173) 187 
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JUNGE, SEILER, BROCK, GREESE and 
RADLEU 1971 (a 192) 169 
KALI A EVA 1951 (2901 60, 56 
KAMATAKI'and KITAGAWA 1971 (A 562) 212 
KAWPFFMEYKR and KIKSE 1965 (A 563) 212 
K A M R A J - M A Zu R K IE WIC Z 1967 {581} 106, 102 
KANAZIUSKY 1965 (A-109)' 202 
KARACAN, BARNARD and WILLIAMS 1971 
' (538) 97, 96 

KASHIMA, FUKUI, MASUDA, WAKASUCI and 
HAYAMA 1969 (675) 219 
KATSUKI 1965 (A 502) 208 
■ KATSUKI 1966 (606) 110, 108 
KATSURA 1971 (445) S3, 82 
KATZSCHMANN 1970 (291) 60,56 
‘KAWAMOTO 1966 (A 410) 202 ' 

KAWAMURA 1971 (465) 86, 85 
KAYES 1965 (14a) 8, 6 
KAYES 1970 (A 632) 216 
KAYSER 1939 (341) 67, 66 
KEHL and KEHL-1967 (A 503) 208 - 
KEITH and TESM 1965 (123) 30, 29 
KELLS 1968 (582) 106, 102 
KEMKES 1941 (A 704) 223 
KENT 1970 (A 174) 187, 

KERTESZ, A NT ON INI, BRUNORI, WYMAN and 
ZITO 1965 (A 175) 187 

KEYES. MIZUKAMI and LUMRY 1967 (A 110) 

83 

KHACHATURYANi MITAREVSKAYA and 
EGORENKOVA 1969 (511) 94, 93 
KHROLENKO 1969 (A 504} 208 
KILLICK 1940 (15) 9, 6 

KILLICK and MARCHANT 1965 (A 754) 226 
KIM and PARK 1968 (A 633) 216 
KIM and RYO 1966 (A 336) 198 
KIRIACHKO 1966 (217)' 49, 48 
K1TTEL and TilEISSING-ERLANGEN 1968 
(466) 86, 85 

KITTRKDGE 1971 (A 676) 219 
KJELDSEN 1969 (376) 73, 69 
KJELDSEN 1970a (377) 7 3, 7 0 
" KJELDSEN 1970b (378) 73, 70 
KJELDSEN. ASTRUP and' WANSTRUP 1972 
(379) 73, 70 

KJELDSEN and DAMGAARD 1968 (380) 7,3* 70 
KJELDSEN and DAMGAARD 1968 (414) 77., 74 
KJELDSEN and MOZES 1969 (3S1) 73, 69 
KLAUSEN,, RASMUSSEN,, GJELLEROD, MADSEN 
and PETERSEN 1968 (203) 46, 45; 

(292); 60, 56 

KLAVIS and SCHULZ 1966 (293) 60, 57 
KLEDECKI andWINIARSKI 1963 (247) 54, 52 
KLINGENMAILR, BEIIAR and SMITH 1969 
(A 30) 177, 

K LI NCI I OF FEll 1965 (A 677 ) 219 
KOBUTNICZKY 1966 (553) 101, 99 
KOCH' 1965 (A 31} 177 
KOKLSCII 1936 (29-1) 60, 57 
KOIIN-ABREST 1949 (124) 30, 29 

KOKAME and SHULER 1968 (A 817) 230 
KOLB 196S (623) 112, 111 
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KOLB 1968 (624) 112, 111; (A 505) 208 
KOMURA 1967 (539) 97, 96 
KONDRASUHNKO, G LA NTS and MACRO VICH 
1971 (A 818) 230 
KORNER 1965 (218) 49, 47 
KOSjMIDER, ZURKOWSKI' and WEGIEL 1965 
(A 111) 183 

KOSTLER, OTTO, RITTIG and POLSTER 

1967 (A 32) 177 

KOSTYUKOVA 1951 (248) 54, 52 
HOTTER, IlUCHi STOTZ and PUPER 1969 
(A 411) 203 

KRAL, CERNOCIIOVA and TUSL 1966 
(A 412) 203 

KRATOCIIVIL, WILKS and CERRARD 1957 
(485)i 91, 89 

KRATZ 1968 (A 564) 212 
KRETSER 1964 (A 697) 222 
KREUKNIET 1964 (A 413) 203 
KREUZER and CAMPAGNE I 965 (413a) 203 
KRISHMAN; KUPPUSWAMY, MANI and MAJID 
1971 (A 678) 219 

KROBER, LANGE, MATHIES and MOR 

1968 (A 565) 212 

KROBER, LANGE, MATHES and MOR 
1970 (A 566) 212 
KROETZ 1936 (295) 60, 56 
KROETZ 1936a (324) 64, 63 
KROETZ 1936b (325) 64, 63 
KRUG 1965 (A 506) 208 
KRUSMANN, SCHRODER and SCHRODER 
197,1 (A 33) 177 

KRUSZYNSKr and HENRIKSEN 1969 (125) • 

. ' 30, 28 

KUCHER and RIEDEL 1969 (A 819) 230 
KUNZ, DONDES and HARTECK 1970 (A 337) 
198 

KUNTZMAN, LEVIN, JACOBSON and 
CONNEY 1968 (A 567) 212 
KUPFER and WUNSCHER 1968 (512) 94, 93 
KUUOIWA 1967 (A679) 219 
KUROIWA, MURAO, HARUMI, KATAYAMA, 
YAMAMOTO, CHEN and UEDA 
1968 (249)' 54, 52 

KUROIWA, KATO and UMEZAKI 1968 
(540) 97, 96 

KUROIWA, SHIDA and KATO 1969 (A 507) 

208 

KUROIWA, SHIDA, NAGAMATSU, KATO and 
SANTA T 1967 (446) S3* 81 
KUTTNER 1968 (467) 86, 85 
LA CH NIT 1964 (A 634) 216 
LACOSTE 1971 (A 415) 203 
LACOSTE and ROUCH 1966 (A 414): 203 
LAMY andUfANQUET 1968 (A 820)' 230 
LAMY and HANQUET 1969 (A 821) 231 
LAMY and 1 NOIR FA LISE 1971 (A 680)' 219 
LANDAU, SMITH and LYNN 1969 (A 290) 

195 

LAN DA W 
LAN DAW 
LAN DAW, 
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1969 (A 222) 190 

1970 (A 223} 191 
CALLAHAN and SCHMID 


(A 112) 183 
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LANDAWand' WINCHELL 1966 (A 221) 190 
LANDAW and WINCHELL 1970 (A 224) 191 
LANG, SCHUSTER, UNOERN-STICRNHERG, HAUM> 
and KNOLLE 1969 (250) 54, 52 
LANGAUER-LEWICKA 1966 (A-508) 208 
LANGE, KASTNER and JUNG 3970 (A 568) 212 
LANGMANN 1964 (A 257) 192 
LANGMANN and KETTNER 1968 (A 291) 195 
LAPRESLE and FARDEAU 1966 (A 509* 208 
LAPRESLE and FARDEAU 1967 (A 510) 208 
LAPRLE and FARDEAU 1971 (A 511)208 
LARCAN, LANDES and VERT 1970 (583) 

106 

LARCAN, ROBERT, CA LA MAI and FREJAVI'LLE 
1967, (A 822) 2 31 

LARSON, HAAG and SILVETTE 1961 (16) 

9 , 7 

LARSON and SILVETTE 1968 (17} 9. 7 

LARSON,and SILVETTE 1971 (18) 9, 7 

LATALSKI and PAWLOWSKA 1969 (A 569) 212 

LATALSKIi and PAWLOWSKA 1970 (A 570) 212 

LAVERNE 1970 (486) 91, 88 

LAVERNE 1970 (A 755)' 226 

LAV/SON 1970 (A 416) 203 

LAWSON 1971 (A 113) 163 

LAWSON 1972. (A 417) 203 

LAWTHER and COMMINS 1970 (18a) 9, 7; 

( 155 ) 34 , 33 

LEAVELL and McINTYRE 1969 (625) 112, 111 
LEBRETON and GARAT 1964 (A 292) 195 
LeBRETON and, GARAT 1964 (A 681) 219 
LeBRETON and GARAT 1964 {A 682) 220 
LECLERQ 1970 (19) 10, 6 
. LEDINCIIAM 1964 (A 823) 231 
LEE 1966 (A 824) 231 
LEE and SCHRAUZER 1968 (A 598) 214 
LEE 1908 (126)i 30, 29 
LEHMANN 1968 (A 35) 178 
LEHMANN 1908 (127) 30, 27 

LEHMANN 1909 (128) 30, 28 
LEHR 1970 (A6S3)i 220 
LEONOWICZ 1967 (554) 101; 99 
LEUGHTENBERGER, LEUCHTENBERGER and 
WEISS 1965 (81). 22, 20 
LEVIN 1965, (A 756) 226 

LEVIN, ALVARESand KUNTZMAN 1970 (A 114) 

183 

LEVIN and KUNTZMAN 1969 (A 572) 212 
LEVIN and KUNTZMAN 1969 (A 571) 212 
LEWEY and DRABKIN 1944 (251) 54, 52 
LEWIS and BRINK 1966 (A 418) 203 
LEWIS 1967 (A 599) 214 ! 

LIGHTFOOT 1972 (A 17,6) 187 

LIKOFF, SEGAL and KASPARIAN 1967 (415) 

77 . 75 * 

LILIENTUAL 1950 (20) 10, 6 
LILIENTUAL and FUGITT 1946 (147) 83, 81 
LINCU and PFAFF 1971 (A 338)i 198 
LINDERIIOLM 1965 (A 36) 178 
LINDERHOM 1969 {A 225) 191 
LINDERIIOLM, SJOSTEAND and SOD ERST ROM, 

1966 (A 37) 17 8 

LINDQUIST 1970 (664) 115, 167 
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LINTON, ADAMS and LAWSON 1968 
(555) 101, 99 

LITMA-N 1968 (A 635) 217 

L1TZNER 1936 (342) 67, 66 

LIZANETS and ZARKEVrCH 1971 (A 757)226 

LOGKSHUN and BURRIS 1965 (A600) 215 

LO COCO 1970 (A 419) 203 

LOEPER, VARA Y and COTTET 1942 

(252) 1 54. 42 

LOGUE, ROSSE, SMITH, SALTZMAN and 
CUTTERMAN 1971 (A 226) 191 
LOMONACO 1971 (A 177) 187 
LONG 1969 (626) 112, 111 
LONGO 1970 (584) 106, 102 
LONGO, POWER and FORSTER 1969 (586) 
106, 102 

LONGO, POWER and FORSTER 1967 (585) 
106, 102 

LOPEZ-MAJANO 1971 (A 420) 203 
LORENTE, VARELA and SEIJAS 1953 

(253) 54, 52 

LUDERITZ 1971 (182)' 40, 38; (A 293): 195 
LUNDEVALL 197,2 (A 705) 223 
LUOMANMAKI 1966 (A 167) 186 
LUOMANMAKT and COBURN 1969 (A 158) 

186 

LUSTMAN and GEERTS 1971 (254) 54. 52 
LYNCH and MOEDE 1972 (A 227) 191 
Mac FARLAND, ROUGIITON, HALPERrN and 
NIVEN 1944 (82)' 22, 21 
MACHATA 1968 (A 684) 220 
MACKINTOSH 1965 (A 512) 208 
MacQUARRIE and GIBSON 1971 (A 115) - 

183 

MAENO and FEIGELSON 1968 (A 601) 

215 

• MAGDALENO 1968 (A 178) 187 ■ 

MAHRLEIN 1967 (A 422) 203 
MAINARDI 1964 (255) 54, 52 
MAISELS, PATHAK, NELSON, NATHAN 
and SMITH 1971 (A 228) 191 
MALIK 1971 (A 636) 217 
MAMA TSASH VI'LI 1970 (607) 110; 108 
MANN 1965 (541) 97, 96 

MANSLEY, STANBURY and LEMBERG 1966 
(A 116) 1S3 

MANTELL 1964 (587) 106 
MANTZ and TEMPE 1968 (A 825) 231 
MANTZand TEMPE 1968 (A 826) 231 
MARANZANA 1964 (A 706) 22 3 
MARCELET 1907 (129) 30, 29 
MAR CM IA RO; MARGARIA, GAIDO and 
AQUARO 1964 (A 707) 223 
MARliand RJZZATTI 1964 (A 685) 220 
MARKIEWICZ 1966 (A 38) 178 
MARKIEWICZ 1967 (A 229) 191 
MARKIEWICZ 1970 (103) 26, 24 
MARKS and SWIECICKI 1971 (513) 

95, 93 

MARLAND'and BERSAY 197,2 (326) 6*1, 61 
MATSUYAMA 1969 (58S) 106, .102 
MATTHEW 1970 (A 758) 226 
MATTHEW 1970 (A 827) 2 31 
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